Several techniques using small radius collimating pipes with and without axial magnetic fields to measure the brightness of an extracted 1 -2 kA, 1 -1.5 MeV electron beam will be described. The output beam of the High Brightness Test Stand as measured by one of these techniques is in excess of 2 x 105 amp/cm2/steradian.
Definitions
The definition of the normalized brightness in, used in this paper is given in Eq. (1) and is equivalent to r2 multiplied by the density in four dimensional transverse trace space: T2 d4I J = T2 dVI () 4 (1)
Here dV4 is the differential volume element in the four dimensional transverse trace space (x,x',y,y') [1] Two widely separated small diameter apertures were used to diagnose the brightness of the extracted beam. Wall current monitors were positioned to measure the beam current exiting the gun as well as the current surviving downstream of each of the two apertures. A diagram of the arrangement is shown in Fig. 3 .
Measurement Theory
An explanation of the brightness measuring method follows. Consider a magnetic field free pipe of radius Rp and length L. If the beam entering this pipe is emittance dominated then the individual particle orbits inside the pipe will just be straight lines. In order that a particle pass through the entire pipe its initial conditions (at the entrance to the pipe) must satisfy the inequality (x + x'L)2 + (y + yL)2 <. Rp2 
